Abstract. nutrients are known to display pharmacologic activity against viruses and to exert cooperative effects in cells. To study the influence of nutrient cooperation on HiV production in chronically infected T lymphocytes, we evaluated the individual and combined effects of nutrients on HiV-1 reverse transcriptase (rT) released into the culture supernatant. in unstimulated cells, low concentrations of single nutrients, namely ascorbic acid (aa), green tea polyphenols (GT) or lysine, did not significantly suppress HiV-1 rT production. However, when GT (25 µg/ml) and aa (32-64 µg/ml) were combined and applied to cells, extracellular RT was significantly reduced relative to the control. combining GT (25 µg/ml) with lysine (25 µg/ml) also reduced the rT level to a greater extent (51% of control) than was observed wih lysine alone, and the addition of aa (16 µg/ml) to the combination further decreased rT to 17% of the control (p=0.06). under the same assay conditions, the nucleoside analog azidothymidine did not significantly suppress HiV production at low to moderate concentrations (0.5-1.0 µg/ml), but did reduce the rT level to 40% of the control (p=0.02) at the highest dose tested (2 µg/ml). in unstimulated cells as well as in latently infected cells stimulated with mitogen (PMa or TnF-α), a nutrient mixture containing GT, AA and amino acids imparted significantly greater rT suppression than equivalent concentrations of key individual components. nutrient effects on rT suppression were virus-specific and were not due to non-specific cellular toxicity. These results suggest that relatively non-toxic micronutrient combinations are more potent than single nutrients in suppressing virus production in chronically infected T cells, indicating that the constituent nutrients have a cooperative effect in HiV inhibition.
Introduction
HiV infection and aidS have become a worldwide pandemic over the past two decades, with more than 33 million people currently infected worldwide (1) . The prevalence of HiV is increasing rapidly in sub-Saharan africa and in southern and eastern asia. aidS is the leading cause of death in africa and the fourth leading cause of death worldwide (1) . currently, there are two recognized strains of HiV, HiV-1 and -2; HiV-1 is the more pathogenic form and the principal cause of aidS (2) . The scope of the global HiV-1 epidemic has created an urgent need for effective treatment to protect against viral infection and to control disease progression.
The main therapeutic strategy against HiV has been the development of antiretroviral (arV) drugs targeted at different steps in viral replication (3) . The use of individual and combinations of arV drugs is capable of delaying disease progression depending on the cd4 cell count at the commencement of treatment, but has not eradicated the disease (4) . Furthermore, the virus mutates and develops resistance to arV drugs, so new agents or combinations must be prescribed (3) . in addition, arV drugs are known to be toxic and to have many debilitating side effects (3, 5) , supporting the need for non-toxic therapy to block virus multiplication.
Since the emergence of the aidS epidemic, it has been found that protein calorie malnutrition and specific micronutrient abnormalities are common in patients with HiV and aidS (6, 7) . Furthermore, in a group of HiV-positive children, the levels of specific antioxidants, including vitamins A, C and E, were found to be significantly depressed, secondary to oxidative stress caused by free radicals (8) . in other studies, vitamins, minerals, amino acids and other micronutrients have been shown to modulate HiV and other viral infections through several different mechanisms (9) (10) (11) (12) (13) . in particular, vitamin C has been reported to have significant antiviral activity against various viruses (14) and to exert anti-HiV activity clinically (15) (16) (17) and experimentally (9) (10) (11) .
Since the focus of anti-HiV drug therapy has been on the inhibition of various steps in viral replication during acute infection, little attention has been directed towards blocking chronic or latent virus expression. in the latter case, the virus is known to remain quiescent in the reservoirs of latently infected cells, even in the presence of arV drugs. consequently, there is a need for new agents that block chronic or latent virus expression. in this investigation, we studied the activity of specific micronutrients (viz. ascorbic acid, green tea extract, lysine, proline and arginine) on HiV-1 production in chronically and latently infected T lymphocytes by assaying the ability of different micronutrient combinations to suppress the release of virus-associated rT in the culture supernatant. The rationale for choosing to use these nutrients in a combinatorial approach was based on their anti-viral properties (see discussion) and their ability to impact different physiologic processes in cells, which may provide cooperative effect(s) in viral infection. in this study, we report the individual and combined anti-HiV actions of nutrients in two independent cell lines of chronic and latent infection.
Materials and methods
Test reagents. The micronutrient mixture (nM) was composed of the following in the ratio indicated: vitamin c (as ascorbic acid and as Mg, ca and palmitate ascorbate), 700 mg; l-lysine, 1,000 mg; l-proline, 750 mg; l-arginine, 500 mg; n-acetyl cysteine, 200 mg; standardized green tea extract (80% polyphenol), 1,000 mg; selenium, 30 µg; copper, 2 mg; manganese, 1 mg. individual components, namely green tea extract powder and ascorbic acid, were obtained from Vita Tech international, and proline, arginine and lysine were from Sigma (St. louis, Mo). azidothymidine was obtained from the niH aidS research and reference reagent Program (Germantown, Md). Stock solutions (2x concentration) of test reagents were freshly prepared before use by dissolving the reagent(s) in complete rPMi growth medium, and were sterilized by passage through a 0.2-µm filter. Mock solution (untreated control) consisted of rPMi growth medium only (lacking test reagent).
Cell culture and treatments
Treatment of unstimulated chronically infected T cells. H9/ HTlV-iii B cells, which constitutively produce and release virus into the culture supernatant, were obtained from the niH aidS research and reference reagent Program. cells were grown in rPMi-1640 medium with 2 mM l-glutamine, 1 mM pyruvate and 10 mM HePeS (90%) supplemented with 10% (vol/vol) fetal calf serum, penicillin (100 u/ml) and streptomycin (100 µg/ml) in a humidified incubator equilibrated with 95% air and 5% co 2 . exponentially growing cells (2x10 6 cells/ml) were seeded in 24-well plates (0.5 ml cell suspension/well) and treated with various concentrations of the test compound(s) (0.5 ml of 2x strength stock) in triplicate wells at each dose. The pH of the nM, ascorbic acid (aa), green tea extract (GT), lysine (lys), proline (Pro) and arginine (arg) solutions applied to cells was in the physiological range. untreated controls received an equivalent amount of growth medium. The plates were returned to the incubator and, at defined time intervals, the cultures were assessed for the degree of cytotoxicity caused by the test compound(s) and for the level of extracellular rT in the culture supernatant (described below). culture media and components were purchased from Gibco (invitrogen corp., carlsbad, ca).
Treatment of latently infected T cells and stimulation with
PMA or TNF-α. acH-2, an HiV-infected latent T-cell clone of ceM cells producing very low levels of virus, was also obtained from the niH aidS research and reference reagent Program. cells were grown in rPMi-1640 medium with 10 mM HePeS, 2 mM l-glutamine and 1 mM pyruvate (90%) supplemented with heat-inactivated fetal bovine serum (10%), penicillin (100 u/ml) and streptomycin (100 µg/ml) in a humidified incubator equilibrated with 95% air and 5% CO 2 . exponentially growing cells were seeded in 24-well cluster plates and treated with nutrients as described above for the H9/ HTlV-iii B cells. after 24 h, phorbol 12-myristate 13-acetate (PMa, 100 ng/ml) or tumor necrosis factor α (TnF-α 1 ng/ ml) was added to induce latent virus, and the cells were further incubated for 24 or 48 h. Following these incubation periods, cell suspensions were harvested for the estimation of viral rT activity in the culture supernatant and were assessed for cytoxicity in cell pellets (described below). Assay of extracellular reverse transcriptase level in culture supernatant. Suspension cells were centrifuged at 1,000 x g for 10 min in a refrigerated centrifuge at 4˚C. The supernatant was transferred into a fresh tube, and the cell pellet was used for measuring protein biomass (cytotoxicity). Virus particles in the culture supernatant were pelleted by centrifugation in a refrigerated microfuge (19,000 x g for 2 h at 4˚C), resuspended in 100 µl of lysis buffer (Tris-buffer containing 0.5% Triton X-100, pH 7.8) and incubated at 25˚C for 30 min to solubilize viral particles. Solubilized pellets (40 µl) were assayed for rT activity using a non-radioactive colorimetric enzyme immunoassay (roche applied Science, indianapolis, in). rT activity was expressed as nanograms/well.
Protein biomass (cytotoxicity) assay and selectivity index. To determine whether the antiviral effect of the micronutrients was a specific effect of the agents or whether it was due to cytotoxicity, we determined a selective index, i.e., the ratio of cytotoxicity value to antiviral efficacy value. A cytotoxicity assay based on measuring total biomass was conducted by staining cellular proteins with sulforhodamine B dye as described by Skehan et al (18) . Briefly, HIV-1-infected T lymphocytes were treated with the test reagents in replicate at each concentration. after 24 or 48 h, the cells were washed, fixed with 50% trichloroacetic acid, rinsed, drip-dried and stained with sulforhodamine B. The incorporated dye was liberated from the cells in a Tris base solution, and the total protein (biomass) was determined by measuring absorbance at a wavelength of 565 nm. The degree of cytotoxicity by the test reagent was defined as the change in absorbance relative to the untreated control culture. The selective index was the ratio of total cell protein to HiV-1 rT activity in the culture supernatant.
all experiments involving HiV-infected cell lines, the processing of cell culture supernatants and the sedimentation of virus and pellets were carried out using Biosafety level 2 (BSl 2) facilities, practices and safety equipment, as described in the cdc-niH Guide for Biosafety in Microbiological and Biomedical laboratories.
Statistical analysis.
The results for each representative study are expressed as the mean ± standard deviation for the groups. data were analyzed using the independent sample 2-tailed t-test. Pearson's correlation coefficients were determined for dose-dependent studies using Medcalc Software (Maiakerke, Belgium).
Results

Studies in the unstimulated chronically infected H9/HTLV-III B T cell line Effect of green tea extract on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units.
To evaluate individual nutrient classes, the effect of GT containing polyphenols was tested. GT suppressed HiV-1 production with an increased concentration in the 12.5-50 µg/ ml range (correlation r=-0.6421, p=0.0244), with significant suppression noted at the high dose. extracellular rT was reduced to 25% (p=0.01) of the control value with 50 µg/ ml GT, as shown in Fig. 1a . The ratio of total cell protein/ HiV-1 rT was stable at low GT concentrations (correlation r=0.4320, p=0.1608), but increased to 149% (p=0.23) of the control value at the concentration of 50 µg/ml, as shown in Table i .
Effect of ascorbic acid and green tea extract on HIV-1 RT level and ratio of total cell protein/HIV-1 RT units. next, aa
was tested alone and in combination with GT. aa alone did not significantly reduce the extracellular HIV-1 RT level in the low concentration range tested (16-64 µg/ml, data not shown). However, when combined with 25 µg/ml GT (correlation r=-0.7288, p=0.0072), the suppressive effect of low aa concentrations on the HiV-1 rT level increased, as shown in Fig. 1B . at 64 µg/ml of aa in the presence of GT, the rT level was reduced to 24% of the control value (p=0.013) compared to a reduction to 49% of the control value (p=0.55) at a concentration of 16 µg/ml aa with GT. The ratio of total cell protein/HIV-1 RT units increased slightly but insignificantly with an increase in the concentration of aa used either alone or with GT (Table i) .
Effect of lysine, green tea and ascorbic acid on HIV-1 RT level in culture supernatant and ratio of total cell protein/
HIV-1 RT units. individually, lys at 12.5 and 25 µg/ml had insignificant effects on extracellular HIV-1 RT levels and on the ratio of total cell protein/HiV-1 rT units (data not shown). when 25 µg/ml lys was combined with 25 µg/ml GT, the rT level was reduced to a greater degree compared to the control than was observed with lys alone at the same concentration (reduction to 51% of control, p=0.25) (Fig. 2) . when 25 µg/ml lys was combined with 16 µg/ml aa, the rT was reduced to 25% (p=0.09) of the control value. adding 16 µg/ml aa to the combination of lys and GT further decreased the rT to 17% of the control value, an effect that was marginally significant (p=0.06). The ratio of total cell protein/HiV-1 rT units was not significantly affected by the combination of nutrients, as shown in Table i .
Effect of proline, arginine, lysine, green tea extract and ascorbic acid on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units.
The combination of 18 µg/ml Pro, 12 µg/ml arg and 25 µg/ml lys had a slight but insignificant effect on extracellular HIV-1 RT levels compared to the control value. The addition of 25 µg/ml GT to this combination had no significant effect. However, the addition of 32 µg/ml aa to the mixture of GT, Pro, arg and Lys had a significant inhibitory effect (49% reduction, p=0.05) on HiV-1 rT, as shown in Fig. 3 . The ratio of total protein/HIV-1 RT units was insignificantly increased to 112% of the control value (p=0.28) with this combination of nutrients, as shown in Table i .
Effect of nutrient mixture on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units.
Since individual nutrients and their combinations exerted anti-HiV effects, a nutrient mixture (nM) containing these components was also tested. The nM suppressed HiV-1 production in a dose-response fashion (r=-0.8204, p=0.0002), with extracellular viral RT significantly decreased at 200 µg/ml NM to 15% of the control value (p=0.006), as shown in Fig. 4 . The selectivity index (ratio of total cell protein/HiV-1 rT units) increased with an increase in nM concentration (r=0.7672, p=0.0008), reaching 220% (p=0.009) of the control value at 200 µg/ml nM, as shown in Table i . The combination of 18 µg/ml Pro, 12 µg/ml arg and 25 µg/ ml Lys had a slight but insignificant effect on the HIV-1 RT level relative to the control. The addition of 25 µg/ml GT had no significant effect. However, the addition of aa at 32 µg/ml to the GT, Pro, arg and lys mixture had a significant inhibitory effect (p=0.05) on the HIV-1 RT level. * p=0.05 or better compared to the control. Figure 1 . effect of green tea extract (GT) alone (a) and in combination with increasing ascorbic acid (aa) concentrations (B) on HiV-1 rT level in the culture supernatant of H9/HTlV-iii B cells. Shown is the residual rT level as a percentage of the control. GT suppressed the HiV-1 rT level at a high concentration of 50 µg/ml, with p=0.01 relative to the control. The suppressive effect of GT on the HiV-1 rT level increased when combined with increasing aa concentrations (correlation r=-0.7288, p=0.0072), with p=0.013 at 64 µg/ml aa and p=0.55 at 16 µg/ml aa relative to the control. * p=0.05 or better compared to the control.
A B
Effect of azidothymidine on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units.
azidothymidine (azT) reduced HiV-1 rT units in the culture supernatant with an increased concentration (coefficient r=-0.5122, p=0.0997), although the reduction at low to moderate concentrations (0.5-1.0 µg/ml) was insignificant. a reduction in rT to 40% of the control value (p=0.02) was noted at 2.0 µg/ml azT, as shown in Fig. 5 . The ratio of total protein/HiV-1 rT units slightly increased with an increase in AZT concentration (coefficient r=0.3255, p=0.3018), but did not reach statistical significance, as shown in Table I .
Studies in the latently infected ACH-2 cell line Effect of nutrient mixture, green tea and ascorbic acid on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units in PMA-stimulated cells.
To substantiate our observations in other chronically HiV-infected lines, the effects of nM and two of its key individual components (aa and GT) were evaluated in a HiV-latently infected T cell line, acH-2, that can be induced with the tumor promoter PMa to release HiV into the culture supernatant. Fig. 6 shows that, under uninduced conditions, acH-2 released very low levels of extracellular viral rT, which were increased 40-fold upon stimulation with PMa for 24 h. when acH-2 cells were pre-treated with nM for 24 h and then stimulated with PMa for 24 h in the presence of nM, dose-dependent suppression of HiV-1 production was evident, with the extracellular rT level reduced to 27.9% of the PMa-induced control value (p=0.029) at 100 µg/ml nM. The total cell protein/HiV-1 rT ratio increased with nM concentration, reaching 373% (p=0.026) of the PMa-induced control value at 100 µg/ml nM, as shown in Table ii . under identical conditions as nM, pre-treatment with GT alone at a concentration (25 µg/ml) equivalent to that contained in NM at 100 µg/ml did not confer a significant reduction in the viral rT level (p=0.093), as shown in Fig. 6 . a 2-fold higher concentration (50 µg/ml) of GT alone was required to produce significant suppression of RT, with the level reduced to 43.6% of the control value (p=0.05). The ratio of total cell protein/HiV-1 rT increased with an increase in GT concentration, reaching 248% of the control value (p=0.22) at 50 µg/ ml GT, as shown in Table ii . Fig. 6 also shows the effect of aa alone. under the same conditions as above, pre-treatment with aa alone at a concentration (16 µg/ml) equivalent to that contained in nM at 100 µg/ml did not significantly affect viral RT activity. Pre-treatment with 32 and 64 µg/ml aa reduced the rT level by 30% (p=0.08) and 36% (p=0.07), respectively, but this was not statistically significant. The ratio of total cell protein/ HiV-1 rT units increased with an increase in aa concentration, reaching significance at 64 µg/ml AA (Table II) .
Effect of nutrient mixture, green tea and ascorbic acid on HIV-1 RT level in culture supernatant and ratio of total cell protein/HIV-1 RT units in TNF-α-stimulated cells.
To confirm and extend the above observations using a different inducer and higher concentrations (more data points) of comparative conditions in acH-2 cells, the effects of the nutrient mixture and its key components following cell stimulation with the inflammatory cytokine TNF-α were evaluated. Fig. 7 shows the nutrient effects on HiV-1 rT, and (Fig. 7) . Pre-treatment of cells with 200-600 µg/ml nM for 24 h followed by stimulation with TnF-α for 48 h in the presence of nM conferred a dose-dependent suppression of HiV production, with the extracellular rT level reduced to 2.04% of the TnF-α-stimulated control at the highest dose tested (p=0.013 at 600 µg/ml nM) (Fig. 7) . The total protein/ HiV-1 rT ratio also progressively increased with an increase in nM concentration (Table iii) . under similar conditions as those used with the nM, pre-treatment with 75-300 µg/ ml GT alone also achieved significant suppression of HIV-1 production ( Fig. 7) with an increased protein/HiV-1 ratio (Table III) , although the final RT level at a concentration (150 µg/ml) equivalent to that contained in nM at 600 µg/ ml was 2.5-fold higher than that in nM (5.16 vs. 2.04% of the TnF-α-stimulated control; Fig. 7 ). under the same conditions as above, pre-treatment with 250 and 500 µg/ml AA achieved significant suppression of HIV-1 RT; however, Figure 6 . effects of nutrient mixture (nM), green tea extract (GT) and ascorbic acid (aa) on HiV-1 rT level in the culture supernatant of acH-2 cells stimulated with PMa. Shown is the rT level as a percentage of the PMa-stimulated control. nM suppressed rT induction with an increased concentration, with a significant reduction of the RT level at 100 µg/ml (p=0.0293) compared to insignificant suppression by equivalent concentrations of GT (p=0.0925 at 25 µg/ml) or AA (p=0.6552 at 16 µg/ml) contained in the mixture. A 2-fold higher concentration of GT alone achieved significant suppression (p=0.0504 at 50 µg/ml), while 2-to 4-fold higher concentrations of aa alone did not (p=0.0755 at 32 µg/ml and p=0.0723 at 64 µg/ml aa). * p=0.05 or better relative to the control. Figure 7 . effects of nutrient mixture (nM), green tea extract (GT) and ascorbic acid (aa) on the HiV-1 rT level in the culture supernatant of acH-2 cells stimulated with TnF-α. Shown is the rT level as a percentage of the TnF-α-stimulated control. nM, GT and aa suppressed rT induction in a dose-dependent fashion. NM significantly suppressed the RT level at 200 µg/ml (p=0.009), 400 µg/ml (p=0.026) and 600 µg/ml (p=0.014). Similarly, GT significantly suppressed the RT level at 75 µg/ml (p=0.015), 150 µg/ml (p=0.009) and 300 µg/ml (p=0.025). Moreover, AA significantly suppressed the RT level at 250 µg/ml (p=0.014) and 500 µg/ml (p=0.02). * p=0.05 or better relative to the control.
the level of suppression was lower than that noted with the nutrient mixture (Fig. 7) . The total protein/HiV-1 rT ratio also increased with an increase in aa concentration (Table  iii) .
Discussion
due to the lifelong nature of HiV treatment, there is a need to find a relatively non-toxic agent to confer sustained inhibition of the virus in chronic infection. our study indicates that the relatively non-toxic individual micronutrients tested had a significant suppressive effect on virus production in HiV-1 chronically infected T lymphocytes; moreover, the micronutrients in combination significantly enhanced the suppression of HiV-1 rT. For example, GT and aa individually suppressed HiV-1 rT with an increase in concentration. However, combining GT (25 µg/ml) with increasing concentrations of aa (16-64 µg/ml) incrementally enhanced the suppressive activity of GT alone at the extracellular rT level. when GT (25 µg/ml) was combined with lys (25 µg/ ml), the combination showed a greater reduction in rT than did lys alone. adding aa (16 µg/ml) to the combination of lys and GT decreased the rT even further, to a marginally significant level. By combining these constituents in an NM, a greater reduction in rT was conferred than with equivalent concentrations of the key individual components. This cooperative effect was confirmed with AA, GT and the NM in an independent line of latently infected cells stimulated with PMa or TnF-α. in both cell lines, this effect was virusspecific and was not due to micronutrient-induced host-cell toxicity, since the selectivity index (ratio of total cell protein/ HiV-1 rT units) did not decrease compared to the control values; indeed, in some cases there was a significant increase. azT, a known antiretroviral (arV) drug, in the concentrations tested, only reduced rT to 40% (p=0.02) of the control value at 2 µg/ml. This is a modest effect compared to the effects of this arV drug in acute infection, where it is known to confer greater levels of virus suppression. in acute infection, azT, functioning as a dna chain terminator, interferes with the reverse transcription reaction (i.e., rna-dependent dna synthesis), which is its prime target of antiviral action.
The low level of suppression by azT of rT production (i.e., the rT level) in the culture supernatant of chronically infected cells is consistent with previous studies (19, 20) showing the limited ability of azT to block virus expression from integrated proviral dna in chronically or latently infected cells.
in contrast, the ability of the nM and some of its components to suppress HiV production in chronically infected cells more extensively than azT sets this class of compounds apart from azT-like arVs in controlling HiV multiplication in persistent infection. The effects of the nM in acute infection remain unclear, since the main focus of our study involved chronic or latent infection. However, given the components in the mixture, it is likely to be effective in acute infection. in this respect, it should be noted that micronutrients such as ascorbate (vitamin c) have also been shown to suppress HiV replication in acutely infected cells (9) , and epigallocatechin gallate (eGcG), a component of GT, has been reported to inhibit HiV binding to host cells (11, 21) . This broad-based anti-HIV action of specific micronutrients at various phases of viral infection combined with their minimal cellular toxicity suggests the potential value of these natural compounds in controlling HiV infection. large-scale clinical studies of micronutrients in HiV infection are therefore warranted.
The mechanisms underlying the cooperative suppression of HiV by micronutrients are as yet unknown. Multiple mechanisms are possibly involved, all contributing to the cooperative suppression. The nutrient mixture was formulated based on the targeting of different physiological processes involved in infectious disease at the cellular level. ascorbic acid, a main component of the nM, was previously reported to inhibit HiV replication in lymphocytic cells (9, 11) , an effect that was localized to a post-transcriptional step in virus replication (10) . ascorbate is known to kill cancer cells through a pro-oxidant effect, and has been reported to beneficially modulate HiV/aidS clinically (15) . dr cathcart reported clinical improvement and improved cd4 counts while treating over 250 HiV-positive patients, including those with aidS or aidS-related complex. upon treatment with large doses of ascorbate (based on bowel tolerance), he noted that vitamin c was more rapidly metabolized depending on the severity of the disease, thus necessitating a higher vitamin c dosage (15). ascorbate has been demonstrated to kill HiV directly in both blood and culture medium (22) , and preferentially lessens the viability of HiV-infected cells to reproduce or survive (23) . ascorbate has also been shown to improve the clinical status of HiV-infected patients, such as those who develop myopathy secondary to azT therapy (24) , and to lower oxidative stress (16) . de la asuncion et al suggested that azT-associated myopathy was due to oxidative damage to dna in mitochondria in muscle tissue, which ascorbate was shown to protect against (24) . another major component of nM is GT, which is enriched in polyphenols such as eGcG. GT was found to have anti-HiV effects. eGcG has been shown to have anti-HiV-1 activity in human lymphocytes in vitro by inhibiting the biochemical activity of HiV-1 rT, resulting in a decrease in HiV-1 p24 antigen concentration (25) . it has also been shown to prevent the binding of HiV-1 glycoprotein 120 to the cd4 molecule on T cells (11, 21) .
natural inhibitors of extracellular matrix proteolysis, such as lysine, proline and ascorbic acid, were selected for inclusion in the nM, since they can block viral spread by inhibiting the protease digestion of collagen, thus preventing the destruction of surrounding connective tissue, and also support the production of collagen to optimize the strength and integrity of connective tissue. rath and Pauling (26) suggested targeting plasmin-mediated mechanisms using nutrients such as lysine and lysine analogs. Manganese and copper are also essential cofactors in collagen formation. collagen stability is also modulated by n-acetyl cysteine through the inhibition of metalloproteinase (MMP) activity (27) and tumor cell invasion (28) . Selenium has been shown to interfere with the migration of endothelial cells through the extracellular matrix (ecM) (28) , as well as to inhibit MMP expression and tumor invasion (29). in previous studies, we showed that nM not only inhibited virus-associated neuraminidase activity and viral nuclear antigen production (30) , but also inhibited extracellular invasive parameters such as MMP-2 and -9 secretion and the invasion of influenza A virus in MDCK and Vero cells in vitro (31) .
in conclusion, the relatively non-toxic micronutrients tested have, especially in combination, potential in the treatment of HiV infection by selectively blocking virus production in HiV-1 chronically and latently infected T lymphocytes. Since these studies on HiV-1 rT were carried out in vitro, the test concentrations of the nutrients such as GT were of a higher magnitude than the plasma levels achieved with the nutrients. Though plasma concentrations of eGcG are much lower than orally administered concentrations, they have been reported to be as high as 4.4 and 7.4 µmol/l (32), corresponding to 1.8 and 3.2 µg/ml eGcG, respectively. GT extract contains approximately 80% polyphenol. of note, quercetin and nM have both been shown to increase eGcG plasma levels (33) . in addition, high levels of tea polyphenols can be achieved in the body when GT is frequently consumed (34) . In vivo studies of these nutrient combinations on HiV-1 infection are indicated.
